Teachers need to continuously update their information and communication technologies (ICT) knowledge, but they are usually not trained to deal with the problems arising from their use. In fact, studies in the literature report techno-anxiety (i.e. unpleasant physiological activation and discomfort due to present or future use of ICT) in teachers. Thus, the goal of this action research is to study if teachers' techno-anxiety can be reduced by increasing their ability to solve technological problems. An inter-subject experiment has been carried out with 46 teachers. High school teachers were chosen because they are digital immigrants, while at the moment of this research their students are digital natives (born around year 2000). Since we could not find any specific training for teachers to increase their resolution skills of technological problems, in order to apply the treatment for our study, we have designed and deployed an online course about ICT problem-solving skills based on the 70/20/10 model for learning and development. Results show the success of the course when it comes to increasing the ICT problem-solving skills and to reducing techno-anxiety.
Introduction and background
Computer anxiety is a widely occurring phenomenon that has been studied in the literature since the introduction of computers into workplaces, showing that users who know little about computers are more likely to have anxiety about them (Torkzadeh and Angulo 1992) . When Information and Communication Technologies (ICT) were introduced in schools, teachers were very much concerned with using them in class, specifically learning to use them and dealing with their failures (Rosen and Weil 1995) . The literature has for long reported that very often teachers do not have positive attitudes towards computers because they fear using them in their classes (Hardy 1998) , do not feel well prepared to integrate technology into classroom instruction and have low level of confidence in using the technology (Becta 2004) . In fact, teachers are worried about showing their students their lack of technological competence (Larner and Timberlake 1995) , while students (who experience daily interaction with a wide range of technology) are increasingly placing demands on teachers, expecting them to be experts and a role model in the area of computer usage (Guha 2000) .
There exist many survey-based studies in the literature that have reported along time that teachers suffer from computer anxiety (also called techno-anxiety), an unpleasant physiological activation and discomfort due to the present or future use of ICT and which is considered one of the components of stress (Salanova, Llorens, and Cifre 2013) . These studies are carried out from responses of teachers to questionnaires and they focus on understanding the phenomenon (e.g. Kotrlik and Smith 1988; Russell and Bradley 1997; Chou 2003; Paraskeva, Bouta, and Papagianni 2008; Agbatogun 2010; Rahimi and Yadollahi 2011; Bolandifar and Noordin 2015) . Similar studies are also carried on preservice teachers -or teachers under training (e.g. Rovai and Childress 2003; Ursava and Karal 2009) .
ICT usage creates new situations in which teachers do not always have the required skills to deal with them. Thus, teachers cannot help students develop a competence that they themselves do not possess in depth (Fernandez-Cruz and Fernandez-Diaz 2016) . Continuous adaptation is required, and to be and to feel in control, this requires strategies for detecting and solving problems in an efficient and effective manner (Lazarus 2007) . Simply introducing ICT in the classroom is useless unless teachers know how to use them and take advantage of their abilities (Sabzian and Gilakjani 2013) .
In order to reduce techno-anxiety in teachers, training programmes that provide them with technology skills during their professional development have been suggested by several authors (e.g. Russell and Bradley 1997; Bolandifar and Noordin 2015) , with special emphasis in explaining problem-solving techniques (Paraskeva, Bouta, and Papagianni 2008) . However, we have not found any study in the literature that has demonstrated benefits on reducing techno-anxiety by training teachers on ICT problem-solving skills and resolution techniques.
Recent studies with a large sample of teachers (i.e. 80 schools and 1433 teachers in the Community of Madrid, Spain) show a significant difference between optimal ICT skills and the low skills that teachers really have to develop learning activities with technological tools for their students, showing the need for teachers to be trained in the application of digital competence in the classroom (Fernandez-Cruz and Fernandez-Diaz 2016) . In our view, if teachers are given the skills to solve ICT problems (and not only 'recipes' to solve very specific technological problems), they can improve not only their level of competence, but also their level of confidence in using the technology and thus, reduce their physiological activation and discomfort associated with their fear of using technology in class. Thus, in this research we have tested the following hypothesis:
If high school teachers improve their ICT problem-solving skills, their techno-anxiety level is reduced.
The selection of high school teachers as target group is due to the fact that their students (13-18 years old) are digital natives at the moment of this research; that is, they have grown in contact with technology along their whole life, and thus, belong to the so-called Generation Z (Schroer 2008) . In turn, teachers are digital immigrants (Prensky 2001) . In addition, secondary school teachers are also the target of some of the previous questionnaire-based studies (Chou 2003; Paraskeva, Bouta, and Papagianni 2008; Agbatogun 2010) .
From 2012 to 2014 we carried out a survey of ICT support programmes available for teachers in Spain. The programmes reviewed are reported in the Appendix classified into the following 5 categories (see Table A1 for their description): (i) initial education for teachers (13 subjects in the Masters from 5 universities randomly selected from the website of the Spanish Ministry of Education, as compiled in Table A2 ), (ii) lifelong learning for teachers (24 programmes grouped in 4 categories, as compiled in Table A3 ), (iii) governmental ICT promotion in schools (6 programmes, as compiled in Table A4 ), (iv) private ICT promotion for teachers (2 programmes, as compiled in Table A5 ); and (v) communities of practice (10 communities of practices, as compiled in Table A6 ). None of these programmes focused on ICT problem-solving. Hence, since we could not find any specific training for teachers to increase their resolution skills of technological problems, we have designed and deployed an online course about how to train ICT problem-solving skills, which is described in this paper.
In addition, an online support programme based on questions and answers has been created, where teachers can pose their problems on ICT and they can receive personalised solutions from other teachers taking into account their ICT profile, which consists in (i) the teacher's skills in ICT problem-solving (i.e. level, copying technique in terms of active vs. passive, and priority preference in terms of time vs. easiness), (ii) the teacher's competences in ICT (i.e. digital illiterate, basic, advanced, and proficient), and (iii) the teacher's attitude towards ICT (i.e. innovation predisposition, technoanxiety, and techno-fatigue), as well as specific features of the solution, such as (a) efficacy (number of users who resolved the problem with the solution), (b) duration (time taken to complete the instructions), (c) difficulty (how complicated it is to follow the instructions for an average user), and (d) needed attitude (i.e. how should the mind-set of the person be to apply the solution: active vs. passive). A detailed description of the support programme is reported elsewhere (Revilla Muñoz, Alpiste Penalba, and Fernández Sánchez 2016) .
The paper is structured as follows. In the next section, we describe the methodology followed to design the online course. After that, the resulting online course is presented and the results from an inter-subject experiment are shown and discussed in relation to the hypothesis posed. Finally, conclusions, limitations, and open issues are summarised, followed by a description of future work aimed to integrate affective computing to detect anxiety states in teachers during their ICT problem-solving process and allow the system to react accordingly.
Methodology
The investigation carried out consists in action research, an approach focused on social change, where participants are involved in the study to improve their social situation at the same time that they are aware that the treatment (Lewin 1946 ) helps them to improve. Among the different types of AQ3 ¶ action research (Carr and Kemmis 1986) , this work follows the types 'technique' and 'practice': 'Technique', because the researcher is an external expert who teaches her premises to the participants; 'Practice', because it also aims to transform participants' awareness, promoting participation and self-reflection. This type of research is iterative, which means that the results of the research feed the planning of the next research back.
The treatment consists in an online course on ICT problem-solving. The aim of the course is to teach how to solve both convergent and divergent problems regarding ICT use. According to Fogler, Leblanc, and Rizzo (2013) , problems can be classified into convergent (having only one or a reduced set of defined solutions) and divergent (the number of solutions is unknown, and depend on the creativity of the person, and they are usually related to the use of technology). The Mathematics Approach (Polya 2014 ) and the Information Problem-Solving Approach (the Big6 skills) (Eisenberg and Berkowitz 2011) have been used in the course to teach strategies for solving convergent problems. For divergent problems, the Creative Problem-Solving strategy (Osborn 2007 ) has been taught.
The goal of the course is that participants achieve abilities and knowledge that allow them to apply resolution strategies as well as to modify their perception and feelings towards the technology. Thus, it follows a cognitive restructure approach, increasing the resources and capabilities of the teachers by making the teachers reduce their perception of problems' impact and severity, and at the same time increase the coping skills. The course does not only focus on achieving the correct solution for the problem, but also on making the participant understand the process to solve it. The goal is that the participant assimilates a way of acting by solving problems that she can use in different aspects of her life, including her work activity as a teacher.
The course combines technological alphabetisation (i.e. to know and use ICT properly) and problem resolution skills (for both convergent and divergent problems). Framed in the lifelong learning paradigm (Aspin and Chapman 2007) , the course was delivered online. In order to facilitate the learning process as suggested in Muresan and Gogu (2013) , the course was developed as follows: (i) using a simple design (so people with low technological abilities could follow it), (ii) real problems were used and described in an enjoyable way, (iii) participants were allowed to follow their own pace, and (iv) communication tools (both with the organisers and the other participants) were provided. In addition, the course (as well as the aforementioned Q&A support programme) were delivered and designed in an accessible and responsive way, following World Wide Web Consortium (W3C) AQ4 ¶ standards so it can be taken in all types of devices, systems, and browsers (Revilla 2010; Marcotte 2011) .
The course follows the 70/20/10 model for learning and development (Lombardo and Eichinger 1996) that applies the problem-based learning approach and focuses on adult learning. It grounds on that the educational and emotional development usually starts by discovering a need and continues with the motivation required to satisfy it. It implies an independent and self-directed learning, typical of online learning and adult learning. It defines the ratio 70:20:10, which states that knowledge is acquired through three ways: 10% through classical learning, 20% through feedback, and mainly (70%) through experience. Thus, this model pushes students to experiment independently and selfdirected in solving problems through different techniques. According to Jennings and Wargnier (2011) , the success of the model relies in that participants internalise and apply what they have learnt in their own context, and thus, it requires an active role by participants. This means that it can be learnt 'how to solve problems' by 'solving problems'. In the end, it fosters internal reflection. Nonetheless, it needs to be noted that the model should not be considered to be a prescriptive model and the given ratio 'is neither a scientific fact nor a recipe for how best to develop people' (Jefferson and Pollock 2014) , and it is difficult to measure the real impact and effectiveness of this methodology in comparison with other approaches (Kajewski and Valerie 2013) , resulting in the lack of empirical data that support its effectiveness.
An action research methodological approach involves iteration cycles. Besides, our contributions follow the User-centred Design (UCD) methodology (ISO 2010), which is also iterative. Each UCD cycle considers the following steps: (1) identify users' needs; (2) specify the context of use; (3) produce requirements; (4) produce design solutions; and (5) evaluate solutions to verify that the requirements are met. At this point in our research, we have carried out two iterations (an online course and a support programme), and we are planning the next one (non-obtrusive affective data gathering and personalised support delivery). This paper focuses on the first iteration, that is, the online course.
Online course on resolution skills for ICT problems
The first iteration carried out following the research action methodology consisted in the design and delivery of an online course to teach high school teachers resolution skills for technological problems. The course is based on the 70:20:10 model for learning and development (Lombardo and Eichinger 1996) that facilitates internalising problem-solving skills. As summarised in Table 1 , the course consists in 3 units (i.e. the technology, the problems, and the solutions), and it is designed to take about 100 hours. There is a practical activity for each lesson where participants have to reflect on the contents explained in it, applying them to their life and real context. Each activity was corrected in less than 24 hours, providing a comment analysing the work done. In order to pass the course, participants have to carry out all practical activities and score over 50% in a final exam.
The course has been deployed in Moodle, a well-known and widely used open-source learning environment. The presentation layer was customised by developing a specific template for the course. Figure 1 shows the main page of the course, with the first unit (the technology) enlarged to show its four lessons and their activities. The course was passed by 23 participants, who made a total of 7785 interactions in the Moodle platform while browsing and downloading contents, activities delivery, forum participation, and accessing user data. These participants who passed the course were asked for feedback at the end of the course. On a 5-point Likert scale, participants liked the course (Avg = 4.57; StD = 0.51), considered that contents were new and have not been seen in other courses (Avg = 4.52; StD = 0.51), and found the contents useful (Avg = 4.57; StD = 0.51). In addition, the Net Promoter Score (Reichheld 2003) was computed for all participants, with the result that all students who passed the course scored as promotors (i.e. loyal and enthusiast users who will go back to take the course and recommend it to a friend). Qualitative information was also recorded through a questionnaire. Feedback received showed positive perceptions for the course (interesting, useful, and well organised). The most valuable aspects of the course were easiness to understand the course and the success of the methodology to achieve course objectives.
Evaluation design
We have analysed the benefits of this online course with a study that involved 46 high school teachers. For the experimentation, 2 groups were formed, with 23 teachers in each one: (1) the experimental group that received the treatment (i.e. the online course) and (2) the control group that did not receive it. Both groups had a pretest (initial) and a post-test (final) that were filled out, respectively, before and after the online course was carried out in the experimental group. These tests measured (i) the skills for solving technological problems, and (ii) the techno-anxiety level.
In order to measure the ICT problem resolution skills, participants were asked to propose solutions to six ICTrelated problems, four convergent related to technology operation and two divergent on the impact of people.
Since questions are open, the analysis of the responses (i.e. solution proposed to the given problem) was done using the methodology proposed in Méndez et al. (2011) , which consists in the analysis and evaluation of the following six competence criteria: (1) comprehension of the problem, (2) application of the method, (3) justification and clarity, (4) results, (5) efficiency of the solution, and (6) critical analysis. The numerical scoring scale used to evaluate each criterion for a given response was the following: insufficient (0-4 points); sufficient (4-6 points); advanced (6-8 points); and excellent (8-10). Final scoring for each response is the average of the scores per each of the six indicators. The ICT skill resolution capability of each participant is the average of the scores of the six responses, ranging this final score from 0 to 10.
Techno-anxiety level was measured using the RED model (Resources-Experiences-Demands) (Salanova et al. 2007) . Although there are several instruments to measure different dimensions related to techno-stress, and in particular, the Computer Anxiety Rating Scale (Heinssen, Glass, and Knight 1987) , the RED questionnaire was chosen for this research because of its technology agnosticism, methodological validity (Cronbach alpha between 0.70 and 0.96) according to Ventura, Llorens, and Salanova (2006) , and simplicity. Indeed, this tool is used and recommended by the Spanish Work and Social Affairs Ministry to measure techno-stress in Spanish workers (Salanova et al. 2007 ). The questionnaire consists of 16 items grouped into 4 concepts focused on the consequences of the use of technology: scepticism, fatigue, anxiety, and ineffectiveness. A 7-point Likert scale (0 = never/nothing to 6 = always/everyday) is used to measure each item. The score of each concept is the average of its four items. Techno-anxiety level is computed by adding the values of three of these concepts, namely, anxiety, scepticism, and ineffectiveness. Thus, the range of techno-anxiety level goes from 0 to 18.
The course was run during six weeks. Participants were recruited using social networks and personal contacts and they gave their consent to data gathering following the Spanish Law 15/1999 (Gobierno de España 1999). Demographics of the participants (n = 46) were the following: experimental group (n = 23; male = 43%; age range = 23-55 years; no children = 39%; 96% with more than 5 years of teaching experience; 74% with low or none level of English; majority and lazy technology adopters 1 = 70%); control group (n = 23; male = 57%; age range 23-60 years; no children = 49%; 83% with more than 5 years of teaching experience; 78% with low or none level of English; majority and lazy technology adopters = 61%).
Results
Two aspects have been analysed: (1) the impact of the course on the problem resolution skills and (2) the impact on the techno-anxiety level. Table 2 shows the results of the statistical analysis carried out with the data collected in the corresponding four sets of samples: experimental (exp) vs. control (crl); initial ( 1 ) vs. final ( 2 ); and for these two aspects analysed (i.e. problem resolution skills and techno-anxiety level). Normality of the data was assessed with the ShapiroWilk test. In five of the eight sets, the null hypothesis is rejected and, thus, there is evidence that the data tested are not from a normally distributed population. Nevertheless, when computing the difference between the means at the end and at the beginning (final-initial), then samples do not pass the Shapiro-Wilk test and can be considered from a normal distribution. For those samples for which the Shapiro-Wilk test was not significant, and thus, normality could be assumed, parametric analysis with the Student's t-test is carried out. When samples are not from a normal distribution, non-parametric analysis is carried out. In particular, the Kruskal-Wallis test was used to compare the control and experimental groups in each of the moments where the variables were measured (initial and final), since in this case samples were independent. The confidence level used is 95%. Statistical significance is considered if p < .05. Thus, it can be said that the course has an impact on the ICT problem resolution skills. Figure 2 shows the total scores in both groups at the beginning (initial) and at the end (final) of the study. It can be seen that while the scores in the problem resolution skills in the control group do not change much (−2.46), in fact, they decrease slightly; but in the experimental group they increase in a larger amount (+18.65), which is in line with the statistical significance obtained above. 2.45; p = .092). Nonetheless, when analysing the statistical significance of the difference of the means in each of the groups with the one-sample Student's t-test, there is a significant difference in the evolution of the experimental group (Mexp = −0.90; SDexp = 2.04; p = .46), and not in the evolution of the control group (Mcrl = −0.36; SDcrl = 3.68; p = .645). Thus, it can be said that the course has also an impact on the techno-anxiety level, causing its reduction.
The total scores in both groups show a decrease in the experimental group (−20.75), while in the control group there is a small increase (+8.25), as shown in Figure 3 . This confirms previous analysis, accounting that the experimental group has decreased their techno-anxiety level with statistical significance, suggesting that the treatment (i.e. the course) was responsible for this impact.
Discussion
Although the findings obtained in the evaluation of the course are to be taken into account with care due to the small number of participants (n = 46) and the convenience sample (i.e. participants collected through social networks), they can suggest that the course was useful to increase the problem resolution skills and, thus, to reduce techno-anxiety. This can validate the research hypothesis as it has been possible to reduce the level of techno-anxiety in a sample of 23 high school teachers by improving their ICT problem resolution skills (compared to the other group that was not treated with problem-solving training).
A simple correlation analysis was carried out using linear regression to show how the skill resolution capabilities of problems related to ICT influence the techno-anxiety level. The regression analysis uses the minimum squares estimation. Figure 4 shows the dispersion diagram for the aggregated values (N = 92) of participants in both groups (control and experimental) and moments (pre-and post-treatment/course). The correlation coefficient (R) is −0.1460, and the coefficient of determination (R 2 ) is 0.021. The dots corresponding to the post-test results of the experimental group (represented as a circle) are closer to the regression line. In any case, none of the participants are highly technostressed and they all have some skill resolution capabilities (although these capabilities can be improved).
If we compare the normative results as defined in Salanova et al. (2007) , average and standard deviation obtained here are lower. This may suggest that technoanxiety might be getting reduced in society probably due to the influence of ICT in life, and an improvement of usability and user experience in these technologies. Nonetheless, further studies are required to clarify this assumption.
Conclusions
The research hypothesis proposed in this work, that is, it is possible to reduce the level of techno-anxiety in high school teachers if their ICT problem-solving skills are improved (see Section 1), was validated by designing and running an online course on ICT problems resolution, evaluating its benefits in an inter-subject experiment (control vs. experimental group). The rationale behind this was that an online course on ICT problems resolution will make high school teachers improve their resolution capabilities and this would reduce their techno-anxiety. Here we summarise the contributions and comment on the limitations and open research issues. In addition, next steps in the action research process taking advantage of emerging technologies have been proposed as future work.
Contributions
The main objective of the course was to provide cognitive and attitudinal tools to allow participants in the study (i.e. high school teachers) solve and prevent ICT problems by reducing the impact perception and severity. The 70/20/10 model for learning and development (specific for adult online learning) was used to make participants internalise and apply what they have learnt in their lives, as 70% comes from their own experience, 20% from others' experience, and 10% from classical learning. The course is grounded in two pillars: technological alphabetisation (as a reflexion point on technology and as a tool to adapt to the environment) and problem resolution skills (where participants learned to choose and apply the most appropriate resolution method in each case).
In the study reported, 23 participants carried out the course. Problem-solving skills and techno-anxiety level were compared to another 23 participants who did not take the course. Statistically significant differences were obtained, showing that the problem resolution skills improved and the techno-anxiety level decreased in the group that took the course.
Limitations and open issues
Several limitations have been identified in this study. First, the number of participants might be considered low (at least compared to those questionnaire-based studies) and were selected with convenience sample from social networks. The reason for this was AQ5 ¶ the need to gather high school teachers who would like to be involved in a long-term course during a longitudinal field study. This makes the difference from the questionnaire-based studies reported in Section 1, where the effort required to fill in a questionnaire is much lower, and thus the number of participants is usually several hundreds and is usually collected from large databases of teachers. One consequence of this small and convenience sample could be that all participants scored as promotors, as well as the low levels of techno-anxiety measured. Further studies with a larger number of participants would be needed to clarify these issues. It would also be of interest to identify in more detail the user profile of those who followed and successfully finished the course, so specific efforts can be made to attract those not willing to take the course.
As a second limitation, the study was carried out in Spain, but in our view it can extrapolate to other countries with a similar situation to Spanish high school teachers. In this respect, one of the main causes of sick leave among high school teachers in Spain is psychological aspects (12.2%) (Sánchez 2008) . In fact, among the psychological illnesses more common in this group are those resulting from stress (Moriana Elvira and Herruzo Cabrera 2004).
In the third place, the teachers sample belonged to high school degree, where the gap between digital natives (students) and digital immigrants (teachers) is higher. There might be differences when this barrier is reduced (e.g. when teachers are digital natives in the future). Thus, studies with other teachers of other educational levels would be desirable.
Fourth, it might be of interest to research if there are also benefits of problem skill resolution in other professions such as social workers (Choi, Ligon, and Ward 2002) .
Fifth, this study has focused on techno-anxiety, but other variables related to techno-stress can also be measured (e.g. techno-fatigue) with the RED questionnaire (Salanova et al. 2007 ). In fact, although there was a statistically significant difference regarding the improvement of the problem resolution skills and the techno-anxiety level in the group that took the course, a low and negative correlation was found between both variables. This may suggest that there might be other variables involved that also affect techno-anxiety in high school teachers, which should be considered in further studies. In this sense, the approach for the following action research step is to take into account affective computing, which means that a wider sample of affective states can be automatically detected (Santos 2016) .
In addition, it might be of interest to analyse self-efficacy feelings (Wilfong 2006) in the teachers since, according to Salanova, Llorens, and Cifre (2013) , when workers get social support from colleagues while working with ICT, they feel inefficacious, but reasons are not clear (they could not solve the problems by themselves, or they are obliged to reciprocate when the person who helped has a problem in the future). The analysis of self-efficacy feelings might also show an attitude change 'ICT is hard' vs. 'I can manage with ICT problems' if the training is successful. The content itself may not be so important, as ICT changes all the time, thus appropriate attitude and self-learning skills might result to be key to cope with the new technology that is constantly being introduced in the classrooms.
Future work
In our view, future research should take into account affective computing and emerging technologies around Internet of Things, such as wearable devices and ambient intelligence, to support teachers in scenarios such as the following:
A teacher, who wears a smartwatch that measures her pulse (heart rate) and sweeting (galvanic skin response), gets close to a printer with the intention to gather a document she has sent to print, but the paper does not appear and the printer shows an error message. The system can detect -using a multimodal data mining approach that processes the signals collected with the smartwatch (i.e., heart rate, galvanic skin response) -changes in her physiological signals which correspond to a significant increase in her anxiety level. In addition, taking advantage of the Internet of Things connectivity, the system knows that the printer nearby the teacher is not working properly and has displayed an error message. The teachers' physiological reaction might suggest that she is not emotionally prepared to deal with the ICT related problem in the printer and would require a personalized support to deal with it, which can be provided in a multisensorial way taking advantage of ambient intelligence (for instance, in order to take the teacher to a more relaxed situation, the light of the room can be changed to blue which is the favourite colour of the teacher, and her smartphone can play a chill-out song from the teachers' playlist).
This scenario suggests that biofeedback technology can be used to detect anxiety in the teacher without disturbing her (Wilfong 2006) . In this way, the way the teacher interacts with the environment can be drastically changed, as the environment might be able to identify the teacher's need and the reason for help by its own. In particular, affective states can be automatically detected by combining several data sources (Calvo and D'Mello 2010) , which can take advantage of multimodal data mining techniques (Salmeron-Majadas et al. 2015) . Continuous and context-aware monitoring of human physiological parameters in a non-intrusive way has only been possible with the recent development of wearable sensors such as smart watches, bracelets, and t-shirts (Mukhopadhyay 2015) .
Automatic detection of affective states can allow providing personalised support at work for stress management (Bakker et al. 2012) . For this, strategies to reduce techno-anxiety are to be provided while the teacher is trying to solve the problem with the printer. As proposed in Santos et al. (2016) , sensorial feedback can be provided through the environment with ambient intelligence techniques to modify the teacher's emotional state without interrupting her activity (i.e. trying to solve the technological problem, in this case, using the printer). In particular, the environment itself could interact with the user through different sensorial channels, such as sight (lights), hearing (sound), or touch (vibration). In addition, problem resolution strategies and instructions on how to use the printer could be displayed with augmented reality. Support opportunities in this scenario can be identified with Tutor Oriented Recommendations Modeling for Educational Systems (TORMES) AQ6 ¶ methodology by involving teachers in the elicitation process using UCD techniques and (big) data mining analysis.
Appendix. Analysis of ICT support programmes for teachers in Spain
There are five categories of support programmes in Spain for teachers, as shown in Table A1 . Each category is oriented towards a different profile and their goals and resources are different. In Tables A2-A6 , initiatives are reported and summarised in terms of these five categories, as follows: (i) initial education for teachers (Table A2) , (ii) lifelong learning for teachers (Table A3) , (iii) governmental ICT promotion in schools (Table A4) , (iv) private ICT promotion for teachers (Table A5) ; and (v) communities of practice (Table A6) . 
